INTRODUCTION
annulata: Genetic characterization of Spanish isolates by isoenzyme electrophoresis and random amplified polymorphic DNA. Experimental Parasitology 92, 57-63. Isoenzyme electrophoresis and RAPD techniques were used to study the genetic polymorphism of different
Theileria annulata is a tick-borne transmitted protozoan
Spanish isolates of Theileria annulata in the schizont and piroplasm parasite causing Mediterranean or tropical theileriosis in stages. Enzyme activity attributable to the parasite was detected in cattle. Until recently, tissue culture vaccines were a suitable only 5 of the 13 loci studied with isoenzyme electrophoresis. Of these, method for immunizing cattle and these have been widely differences between the cell lines studied were found only in the loci and successfully applied in several countries in which Medi-GPI, ICD, and FH. Only 6 of the 11 primers used in the RAPD generated terranean theileriosis is of economic concern (Hashemireproducible genomic DNA fingerprints. None of the amplification Fesharki 1988; Pipano 1995; Singh et al. 1993; products generated using primers ILO 509, ILO 525, ILO 872, and ILO 875 hybridized with DNA of the bovine cell line not infected by
al. 1997a). Experimental immunization produces immunity
T. annulata, BL20, indicating that this technique can be used with either to homologous challenge (Radley et al. 1975a,b) but parasite piroplasm DNA or DNA from parasite schizonts after first passing strains with different immunogenicities circulate in the field it through DEAE cellulose columns. The results obtained with both and there is little cross-protection (Cunningham et al. 1974;  characterization techniques demonstrate a moderate degree of polymor- Pipano 1995; Purnell 1977; Radley et al. 1975c parasite which may have potential use as vaccines (Irvin 1987) . Here we report the use of isoenzymes and RAPD for solutions (Tris-buffered saline-glucose) with ionic concentrations bethe detection of genomic polymorphisms between Spanish tween 0.060 and 0.139 were used (Lanham and Godfrey 1970 
MATERIAL AND METHODS
with the buffer having an ionic strength of 0.121 (10 ml Tris-buffered saline: 1.75% Tris/0.475% NaCl, 5 ml 5.4% glucose), with which no cellular remains were observed in the elute.
DNA purification and random amplification of DNA fragParasites ments. DNA purification was carried out by following the protocols A detailed list of the isolates of T. annulata used is given in Table I. described by Barker et al. (1992) and Martín-Sánchez et al. (1998) . The conditions used for the random amplification have been described previously by Bishop et al. (1993) (Table I ) and a noninfected cell line (BL20). Cell rupture was done using tensioactive Triton-X100 at 5%
Southern-blot and hybridization. The gels were blotted (Sambrook et al. 1989 ) onto nylon membranes (Hybond N, Amersham) and the in distilled water. Rupture was facilitated by freezing/thawing processes with liquid nitrogen. A starch gel prepared in a suitable buffer at DNA was fixed by exposure to ultraviolet light for 5 min. Genomic DNA of cell line BL20 was labeled with dUTP-11-digoxigenin using 10% was used as support. Electrophoretic activity and mobility of 13 enzymatic systems were studied: ME, ICD, PGD, G6PD, GLUD, DIA, the random-primed labeling methodology (Dig DNA labeling and detection kit Boehringer Mannheim) and was used as probe. Filters were NP, GOT, PGM, FH, MPI, GPI, and MDH (Martín-Sánchez et al. 1994) .
washed to high stringency and exposed to autoradiography for variable periods of time (30 min to 3 h).
Random Amplified Polymorphic DNA and DNA Hybridization
The RAPD technique was applied to all the T. annulata isolates RESULTS recorded in Table I . Purification of parasites. Schizonts were separated from lymphoblastoid cells and piroplasms from blood cells by chromatography
Isoenzyme Electrophoresis
with DEAE-cellulose columns, prepared with DEAE-cellulose (D6418, Sigma) and a buffer of suitable ionic strength. A total of nine buffer Of the 13 loci studied, isoenzyme activity attributable to the parasite was detected only in enzymes GPI, ME, PGM, ICD, and FH. In contrast, enzymes G6PDH, MDH, GOT ,   TABLE I NP, ICD, DIA, GLUD, and MPI showed only activity associated with the host cell.
Isolates of Theileria annulata Used in the Study Including Data on the Parasite Stage (Piroplasms or Schizonts) and
The loci ME and PGM were monomorphic; i.e., the elecGeographical Origin trophoretic patterns of the enzymes that these encoded were identical for the eight cell lines studied, including the refer-
Isolates of Theileria
Parasite stage Geographical origin ence strain from Israel. In contrast, the loci GPI, ICD, and FH
T. annulata 529 Schizonts Israel
were polymorphic and could be used to establish differences Schizonts Cadiz (Spain) between the cell lines studied (Fig. 1) . Thus, (1) group could be distinguished from the previous one, which comprised isolate 28E and the clone, by the different electro-
In spite of purification of the parasite using DEAE celluphoretic mobilities of the ICD and FH enzymes. (3) The lose columns, some of the fragments of DNA fingerprints Cordoban isolate and the Israeli strain had identical electrogenerated by RAPD could be derived from any contaminatphoretic mobilities for enzyme ICD. This isoenzymatic acing bovine. In order to rule out this possibility, all of the tivity was represented by a band of a more anodic migration products amplified with each of the six selected primers than in the other cases. The band of more cathodic migration were blotted onto nylon membranes using a Southern blot corresponded to the group of isolates 104, 107, and 111, and were then hybridized with uninfected bovine lymphowhereas the group formed by the lines 28E, clone 28E, and cyte DNA (cell line BL20). C-B were characterized by an intermediate migration. (4) Most of the amplification products generated using primThe isolates 104, 107, 111, C-B, and Cordoba, and the Israeli ers 1683 and ILO 876 hybridized with the DNA of the BL20 strain presented the same electrophoretic pattern for the FH cell line, revealing their predominantly bovine origin. In enzyme, corresponding to a band of more anodic migration contrast, none of the amplification products generated using than that which characterizes the pair comprising the 28E primers ILO 509, ILO 525, ILO 872, or ILO 875 hybridized and the clone lines.
with this DNA. The maximum number of amplified fragments varied according to the primer used.
RAPD Analysis
The amplification pattern generated with the ILO 525 primer comprised approximately 15 fragments of molecular Ten decamer oligonucleotides and one with 17 nucleotides weight ranging from 550 to 2799 bp (Fig. 2b ) in which small were tested as primers for RAPD using (a) target DNAs differences between the isolates were observed, such as the isolated from schizonts of eight T. annulata cell lines and presence of a 1520-bp band in all of these except for the a clone derived from one of these stocks and (b) target DNAs schizonts of the clone and Cordoba, including isolate 28E isolated from piroplasms of five T. annulata isolates. and the piroplasms of Cordoba. This band of 1520 bp apSix primers generated reproducible genomic DNA fingerpeared as a double band in isolates 104, 107, and 529. Isolate prints; the exceptions were ILO 508, ILO 524, ILO 526, 28E presented a fragment of 1325 bp which was absent from ILO 868, and ILO 878. With the other primers the overall the rest of the isolates which presented a 1482-bp fragment fingerprints for a given primer were generally consistent instead. In the Cordoba schizonts, a 1050 bp band was obbetween independent PCR reactions carried out on the same served, which was absent from the Cordoba piroplasms. DNA sample and independent DNA preparations made from With primer ILO 875, a 3-to 4-band group with a molecuthe same isolate. Nevertheless, some inconsistencies belar weight ranging from 1482 to 1880 was observed which tween the isolates were observed on amplification of certain fragments.
was amplified in all of the isolates (Fig. 2a) .
FIG. 2.
Genomic DNA fingerprints of different Theileria annulata isolates using the random amplified polymorphic DNA technique with primers in which only T. annulata DNA was amplified (none of the amplification products hybridized with the bovine DNA of the cell line BL20). With primer ILO 509, the amplification pattern generated DISCUSSION comprised fragments of molecular weight ranging from 359 to 3200 bp (Fig. 2d) . Fragments 2799, 1953, 500, and 359 Isoenzyme Electrophoresis were common to all of the isolates; one 1882-bp fragment
The possibility of using the polymorphism of isoenzywas present in all of the Spanish isolates but not in the matic patterns of GPI to characterize strains of Theileria Israeli strain. Between 510 and 1700, up to 11 bands were spp. has been demonstrated in previous studies (Ben Miled amplified in some cases and the greatest degree of polymoret al. 1994; Melrose et al. 1980 Melrose et al. , 1984 Viseras et al. 1997b) . phism was detected in this interval. However, this was diffiHowever, there is little evidence to support the existence of cult to interpret because of a lack of consistency. With primer other isoenzymes of this parasite or to assess the possible 872, the amplification pattern ranged from 640 to 3600 bp, taxonomic value of these. Van der Meer et al. (1981) carried and fragments of 640, 1882, and 3600 bp were common in out isoenzymatic studies on strains of T. parva and T. mutans isolates 529, 28E, the clone, 104, 107, 111, Cordoba, and in the piroplasm stage. They found that, of the 13 enzymes 24 (Fig. 2c) . The 3600-bp fragment was not present in isostudied, only GPI showed activity associated with the paralates 21, 23, and 27. A certain degree of polymorphism site. However, the results obtained in this study are not in was observed between 700 and 1882 bp, although this was agreement with those of Melrose and Brown (1979) , who difficult to measure since these fragments were not amplified detected glyceraldehyde phosphate dehydrogenase activity in the schizont stage of T. parva and T. annulata. Moreover, to the same extent in all isolates.
the results of the former work also differed from those of This method is thus a very useful tool for the identification and characterization of potential genetic differences between Allsop and Wagner (1974) , who reported activity of the enzyme lactate dehydrogenase in T. parva schizonts. Allsopp stocks, populations, or related species and has been successfully applied to a wide range of parasites and vectors of and Gibson (1983) also detected lactate dehydrogenase activity associated with T. parva piroplasms, although they parasites (Adamson et al. 1993; Ballinger-Crabtree et al. 1992; Felleisen 1998; Kanmogne et al. 1996 ; Martín-Sán-did not postulate the taxonomic value of this observation (cited by Van der Meer et al. 1981) . The results of all these chez et al. 1995) . Bishop et al. (1993) used this technique to characterize a number of stocks and clones of T. parva studies are, therefore, somewhat contradictory and confusing. In our work, enzymatic activity attributable to the protoin the piroplasm stage. The attempts of these authors to use schizont DNA resulted in the amplification of fragments of zoan parasite was detectable in 5 of the 13 enzymatic loci studied, namely GPI, ME, PGM, ICD, and FH. Of these, predominantly bovine origin. The first problem to solve was to determine whether it was possible to use purified schizonts the loci GPI, ICD, and FH are of most interest because these permit differences to be established between the different from cultures in lymphoblastoid cell lines as a source of DNA for RAPD. Second, we wanted to verify whether we isolates studied.
The enzyme GPI has been shown by other authors to be could use 3 to 5 ml of blood with parasitemias ranging from 3 to 20% for this technique. Our results revealed an of taxonomic interest. Melrose et al. (1984) analyzed the isoenzymatic patterns of GPI from six stocks of T. annulata incomplete purification of T. annulata DNA in both cases; with primers ILO 876 and 1683, the products amplified were isolated in the Sudan, obtained from nearby farms. These authors reported a different electrophoretic pattern for each of predominantly bovine origin and with primers such as ILO 509, ILO 525, ILO 872, and ILO 875, only T. annulata of the stocks. In contrast, in another similar study carried out on Iranian stocks of T. annulata, the same authors (Melrose et DNA was amplified.
The amplification patterns generated with these primers al. 1980) did not detect any polymorphisms of this enzyme. Similarly, we did not detect any polymorphisms in the Spanwere, in general, fairly homogenous for all the parasites studied, and only small differences were observed beish isolates of T. annulata characterized, which can be differentiated from the Israeli strain using this enzyme.
tween them.
The results obtained with both characterization techniques The absence of any activity associated with the parasite of enzymes MDH, G6PD, PGD, and GLUD in our study is demonstrate a moderate degree of polymorphism in the Spanish isolates of T. annulata. It was not possible to identify in accordance with the results of van der Meer et al. 1981 . However, this was not the case with enzyme ME, for which any marker which could be correlated with the geographical origin of the Spanish isolates in any case. However, markers we detected a band of activity corresponding to the parasite which was monomorphic for all the lines studied, including were identified for the Israeli strain in relation to the electrophoretic pattern of enzyme GPI and the presence or absence the Israeli strain. Since there are a variety of reasons why one might obtain negative results for enzyme activity (e.g., of a fragment of 1882 bp which was generated using the ILO 509 primer. denaturation, obtaining insufficient biological material), the significance of negative results is therefore unclear; however, In a study on Tunisian stocks of T. annulata, Ben Miled et al. (1994) demonstrated a considerable diversity between the discrepancy could be explained by the fact that the abovementioned authors used piroplasms, whereas we used culthe stocks in that none of their isolates were identical even when these were from the same farm. They also demontured schizonts, which are considered to be more suitable for this kind of study (Van der Meer et al. 1981) .
strated that most of the isolates comprised a mixture of genotypes or phenotypes and only a few were represented The polymorphism of the isoenzymatic patterns of enzymes ICD and FH are of great interest and indicate the by a single population. In our study, the clone that we used presented slight differences from the isolate from which it heterogeneity of the Spanish isolates of T. annulata.
was cloned. Similarly, comparisons between piroplasms and schizonts isolated from the same animal (Cordoba) using the RAPD technique revealed the existence of some differences RAPD Analysis between these, in accordance with the results of Ben Miled et al. (1994) . The results of other authors concerning the The RAPD technique (Williams et al. 1990 ) represents a simple and rapid method for the generation of informative presence of heterogeneous parasite populations are varied and refer mainly to the T. parva species. Whereas some genomic fingerprints without prior sequence determination.
Ben Miled, L., Dellagi, K., Bernardi, G., Melrose, T. R., Darghouth, authors found a large degree of polymorphism (Allsopp and M., Bouattour, A., Kinnaird, J., Shiels, B., Tait, A., and Brown, C. Allsopp 1988; Conrad et al. 1987; Morzaria et al. 1990) , G. D. 1994 . Genomic and phenotypic diversity of Tunisian Theileria others observed a relative homogeneity (Bishop et al. 1994) .
annulata isolates. Parasitology 108, 51-60. Koch et al. (1990) suggested that genetic homogeneity could Bishop, R., Sohanpal, B. and Morzaria, S. 1993. Theileria parva: reflect limited immunological diversity, a phenomenon Detection of genomic polymorphisms by polymerase chain reaction which was confirmed by Bishop et al. (1994) 
